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The T~ — > ^"v^Vr branching ratio has been measured using data collected from 1990 to 1995 by the OPAL 
detector at the LEP collider. The resuhing value of B(r" n'v^Vr) = 0.1734 ± 0.0009(sfat) ± 0.0005(si/st) 
has been used in conjunction with other OPAL measurements to test lepton universality, yielding the coupling 
constant ratios P/i/ffe = 1.0005±0.0043 and gr/Se = 1.0031 ±0.0047, in good agreement with the Standard Model 
prediction of unity, and also to determine a value for the Michel parameter rj — 0.004±0.036. This is subsequently 
used to find a model-dependent limit of the mass for the charged Higgs boson, m^± > 1.30 tan /3, in the Minimal 
Supersymmetric Standard Model framework. 



1. Introduction 

Precise measurements of the leptonic decays of 
r leptons provide a means of stringently testing 
various aspects of the Standard Model. OPAL 
previously has studied the leptonic t decay modes 
by measuring the branching ratios the 
Michel parameters and radiative decays 
This work presents a new OPAL measurement of 
the fi^Pfj^VT branching ratio, using data 

taken from 1990 to 1995 at energies near the Z° 
peak, corresponding to an integrated luminosity 
of approximately 170 pb^^. A pure sample of 
r+r" pairs is selected from the LEPl data set as 
described in Section ||, and then the fraction of 
T jets in which the r has decayed to a muon is 
determined, using the selection described in Sec- 
tion ^ This fraction is then corrected for back- 
grounds, efficiency, and bias, as described in Sec- 
tion H The selection of t~ — > ^~v^Vt candi- 
dates relies on only a few variables, each of which 
provides a highly effective means of separating 
background events from signal events while min- 
imising systematic uncertainty. This new mea- 
surement supersedes the previous OPAL mea- 
surement of B(r- ^J,'v^Vr) = 0.1736 ± 0.0027 
which was obtained using data collected in 1991 
and 1992, corresponding to an integrated lumi- 
nosity of approximately 39 pb~^ 

OPAL [0 is a general purpose detector cover- 



ing almost the full solid angle with approximate 
cylindrical symmetry about the e^e~ beam axis. 
In the OPAL coordinate system, the e~ beam 
direction defines the +z axis, and the +x axis 
points from the detector towards the centre of the 
LEP ring. The polar angle is measured from the 
+z axis, and the azimuthal angle </> is measured 
from the +x axis. 

Selection efficiencies and kinematic variable 
distributions were modelled using Monte Carlo 
simulated r+r" event samples generated with 
the KORALZ 4.02 package § and the TAUOLA 
2.0 library 0. These events were then passed 
through a full simulation of the OPAL detector 
1^ . Background contributions from non-r sources 
were evaluated using Monte Carlo samples based 
on the following generators: multihadronic events 
(e+e" qq) were simulated using JETSET 
7.3 and JETSET 7.4 @, e+e" ^ /i+^i" events 
using KORALZ Bhabha events using BH- 
WIDE ijl^, and two-photon events using VER- 
MASEREN 0. 

2. The T+r selection 

At LEPl, electrons and positrons were made 
to collide at centre-of-mass energies close to the 
Z" peak, producing Z° bosons at rest which sub- 
sequently decayed into back-to-back pairs of lep- 
tons or quarks, from which the r+r~ pairs were 
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selected for this analysis. These highly relativis- 
tic T particles decay in flight close to the inter- 
action point, resulting in two highly-coUimated, 
back-to-back jets in the tracking chamber. 

The T+r" selection requires that an event have 
two jets as defined by the cone algorithm in ref- 
erence [Q, each with a cone half-angle of 35°. 

The main sources of background to the t+t^ 
selection are Bhabha events, dimuon events, mul- 
tihadron events, and two-photon events. This 
analysis uses the standard OPAL r+r~ selection 
p3[ |, which was developed to identify r+r" pairs 
and to remove these backgrounds, with slight 
modifications to further reduce Bhabha back- 
ground in the t'^t~ sample. 

For each type of background remaining in the 
T"*"r~ sample, a variable was chosen in which 
the signal and background can be visibly distin- 
guished. The relative proportion of background 
was enhanced by loosening criteria which would 
normally remove that particular type of back- 
ground from the T+r~ sample, and/or by ap- 
plying further criteria to reduce the contribution 
from signal and to remove other types of back- 
ground. A comparison of the data and Monte 
Carlo distributions was then used to assess the 
modelling of the background. In most cases, the 
Monte Carlo simulation was found to be consis- 
tent with the data. When the data and Monte 
Carlo distributions did not agree, the Monte 
Carlo simulation was adjusted to fit the data. 
Uncertainties of 4% to 20% were assigned to the 
background estimates as a result of these compar- 
isons. 

selection leaves a sample of 96,898 
events, with a predicted frac- 
tional background of (0.01055 ± 0.00052). The 
backgrounds in the r+r" sample are summarised 
m Table |l|. The errors shown in the table include 
both the statistical and systematic uncertainties. 
The effect of a small bias in this event selection 



Table 1 

Fractional backgrounds in the r+r" sample. 



Background 



Contamination 



is discussed in Section 5.1 



3. The r n v^^Vt selection 

After the r+T~ selection, each of the 193,796 
candidate r jets is analysed individually to see 
whether it exhibits the characteristics of the re- 
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quired /i^f/^z^T- signature. A muon from a t 

decay will result in a track in the central tracking 
chamber, little energy in the electromagnetic and 
hadronic calorimeters, and a track in the muon 
chambers. The t~ — » ^~Vi^iVr selection is based 
primarily on information from the central track- 
ing chamber and the muon chambers. Calorime- 
ter information is not used in the main selec- 
tion, but instead is used to create an indepen- 
dent ^^u^j^Vr control sample that is used to 
evaluate the systematic error in the Monte Carlo 
efficiency prediction. The selection criteria which 
are used to identify the t" ii^v^Vt candidates 
are described below. 

The T~ ^ p,~v^Vt- candidates are selected from 
jets with one to three tracks in the tracking cham- 
ber, where the tracks are ordered according to 
decreasing particle momentum. The highest mo- 
mentum track is assumed to be the muon candi- 
date. 

Muons are identified as producing a signal in 
at least three muon chamber layers, i.e. iVmuon > 
2, where A'muon is the number of muon chamber 
layers activated by a passing particle, as shown 
in Figure |l| (a) and (b) . The value of the N-a-mon 
cut was chosen to minimise the background while 
retaining signal. 

Tracks in the muon chambers are reconstructed 
independently from those in the tracking cham- 
ber. The candidate muon track in the tracking 
chamber is typically well-aligned with the corre- 
sponding track in the muon chambers, whereas 
this is not the case for hadronic r decays, which 
are the main source of background in the sample. 
The majority of these background jets contain a 
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Figure 1. ((a) and (b)) The number of muon layers, A^muon, activated by the passage of a charged particle 
in the jet , and ((c) and (d)) the ^match matching between a muon track reconstructed in the jet chamber 
and one reconstructed in the muon chamber. The jets in each plot have passed all other selection criteria. 
The arrows indicate the accepted regions. The points are data, the clear histogram is the Monte Carlo 
T~ — > ^i~Df_ii'T prediction, the singly-hatched histogram is the Monte Carlo prediction for backgrounds 
from other t decays, and the cross-hatched histogram is the Monte Carlo prediction for background from 
non-T sources. 
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pion which interacts in the hadronic calorimeter, 
resulting in the production of secondary particles 
which emerge from the calorimeter and generate 
signals in the muon chambers, a process known as 
pion punchthrough. Therefore, a "muon match- 
ing" variable, ^match, which compares the agree- 
ment between the direction of a track recon- 
structed in the tracking chamber and that of 
the track reconstructed in the muon chambers, 
is used to differentiate the signal t~ fi'Df^i^r 
decays from hadronic r decays^. It is required 
that /Xmatch have a value of less than 5, (see Fig- 
ure |l| (c) and (d)). The position of the cut was 
chosen to minimise the background while retain- 
ing signal. 

In order to reduce background from dimuon 
events, it is required that the momentum of the 
highest momentum particle in at least one of the 
two jets in the event, i.e. pi in the candidate jet 
and pi_opp in the opposite jet, must be less than 
40 GeV/c. (See Figure | (a).) 

Although the t~ ^"v^Vr candidates in gen- 
eral are expected to have one track, in approxi- 
mately 2% of these decays a radiated photon con- 
verts to an e^e~ pair, resulting in one or two ex- 
tra tracks in the tracking chamber. In order to 
retain these jets but eliminate background jets, it 
is required that the scalar sum of the momenta 
of the two lower- momentum particles, p2 + Ps, 
must be less than 4 GeV/c. (See Figure ^ (b).) 
In cases where there is only one extra track, p3 is 
taken to be zero. 

The above criteria leave a sample of 31,395 
candidate t~ /i^P^i/,- jets. The backgrounds 
remaining in this sample are discussed in the 
next section. The quality of the data is illus- 
trated in Figure ^ which shows the momentum 
of the candidate muon for jets which satisfy the 
/i^z/pi^T- selection criteria. 
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^Mmatch determines the difference in (j> and in 9 between 
a track reconstructed in the tracking chamber and one 
reconstructed in the muon chambers. The differences are 
divided by an error estimate and added in quadrature to 
form a x^-like comparison of the directions. 



Figure 2. (a) The momentum of the highest 
momentum particle in the opposite jet, pi_opp, 
where the candidate muon has a momentum 
greater than 40 GeV/c, and (b) the combined 
momentum of the second and third particles in 
the jet, for jets which have passed all other se- 
lection criteria. The arrows indicate the accepted 
regions. 
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Figure 3. The momentum of the candidate muon, 
for jets which have passed aU of the selection cri- 
teria. 



4. Backgrounds in the r 



sample 



The background contamination in the signal 
T~ —> ii~v^Vr sample stems from other t decay 
modes and from residual non-r background in the 
T+T~ sample. The procedure used to evaluate the 
background in the r~ — > ii~Vfj_VT sample is identi- 
cal to the one used to evaluate the background in 
the T~^T~ sample, which is outlined in Section ^ 
and again involves studying the distributions of 
sensitive variables in background-enhanced sam- 
ples. It is worth noting that, in all the plots in 
Figure ^, the relative proportion of background 
has been enhanced (as in Section H) in order that 
the background may be evaluated. The error on 
each background includes the Monte Carlo statis- 
tical error on the background fraction as well as a 
systematic error associated with the background 
evaluation. 

The main backgrounds from other r decay 
modes can be separated into ^ h^ > Qtt^Vt^ 



and a small number of r~ h~h~h+ > Ott^Vt 
jets. The ^ h^ > Ott^z^t decays can pass 
the —>■ (i^P^Vt selection when the charged 
hadron punches through the calorimeters, leaving 
a signal in the muon chambers. The absence or 
presence of 7r°s has no impact on whether or not 
the jet is selected, since there are over 60 radia- 
tion lengths of material in the detector in front of 
the muon chambers. The modelling of this back- 
ground is tested by studying r~ ^~v^Vt jets 
with large deposits of energy in the electromag- 
netic calorimeter. The distribution of jet energy, 
-Ejet , deposited in the electromagnetic calorimeter 
is shown in Figure]^ (a). The — > h^ > Qir'^Vr 
fractional background estimate is 0.0225±0.0016, 
of which approximately 75% includes at least one 
vr". 

The main backgrounds resulting from con- 
tamination in the r+r" sample are e+e^ 
(e+e^) fi^fi^ and e+e^ l^^fJ-^ events. The 
e^e^ — > (e+e^) ^~ contribution in the t~ 
^"Vfj^v-T sample was evaluated by fitting the 
Monte Carlo distribution of the acollinearity an- 
gle, 6'acoi,0to that of the data, as shown in Figure 
I (b). This resuhed in a fractional background 
estimate of 0.0052 ± 0.0010. 

The dimuon jets (e+e" were en- 

hanced in the t~ — > /i~P^z/T- sample by remov- 
ing the requirement that pi_opp < 40 GeV/c or 
Pi < 40 GeV/c, and then requiring that pi > 40 
GeV/c. The distribution of pi_opp was then 
used to evaluate the agreement between the data 
and the Monte Carlo simulation for this back- 
ground. The resulting estimate of the dimuon 
fractional background in the t~ — > ^~Vf^VT sam- 
ple is 0.0029 ± 0.0006. The corresponding distri- 
bution is shown in Figure |^ (c). 

The 3-track signal ii^P^v-r is due to pho- 

tons which convert in the tracking chamber to 
an e+e~ pair, whereas the 3-track background 
consists mainly of jets with three pions in the 
final state. Electrons and pions have different 
rates of energy loss in the OPAL tracking cham- 
ber, and hence the background can be isolated 
from the signal by plotting the rate of energy loss 



^Acollinearity is the supplement of the angle between the 
two jets. 
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Figure 4. The distributions used to measure the background in the r~ — * ij~v^Ut sample are shown, 
(a) £jet is the energy measured in the electromagnetic calorimeter, (b) ^acoi is the acoUinearity angle 
between the two r jets, (c) pi-opp is the momentum of the highest momentum particle in the opposite jet 
to the T~ — » ijl~DhVt candidate, (d) AE/dx is the rate of energy loss of a particle traversing the tracking 
chamber. The points are data, the clear histogram is the Monte Carlo r~ — > ^i~v^Vr prediction, the 
singly-hatched histogram is the Monte Carlo prediction for the type of background being evaluated using 
each distribution, and the cross-hatched histogram is the Monte Carlo prediction for all other types of 
background. 
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as the particle traverses the tracking chamber, 
dE/dx, of the second-highest-momentum parti- 
cle in the jet. The Monte Carlo modelling was 
compared to the data as shown in Figure || (d), 
yielding a fractional background measurement of 
0.0014 ±0.0003. 

The remaining background in the 
fi^D^Vr sample consists almost entirely of ^ 
■K~'K'^rjVr jets, and contributes at a level of 0.04% 
to the overall sample. The total estimated frac- 
tional background in the — > fi^D^VT sample 
after the selection is 0.0324 ± 0.0020. The main 
background contributions are summarised in Ta- 
ble I The errors in the table include both the 
statistical and systematic uncertainties. 



Table 2 

The main sources of background in the candidate 
T~ fjTv^v-r sample. 



Backgrounds 



Contamination 







0.0225 ±0.0016 


e+e^ 


(e+e") M+Ai" 


0.0052 ±0.0010 






0.0029 ±0.0006 


T- wh- 


-h-h+ > On°iyr 


0.0014 ±0.0003 


ether 




0.0004 ±0.0001 


Total 




0.0324 ±0.0020 



5. The branching ratio 

The fi^Pp^Vr branching ratio is given by 

^(r-p) (l-/bk) 1 1 



B = 



Nt (1 - /rbk) e(^_,^) Fb ■ 



(1) 



where the first term, 7V(t-^^)/A^^, is extracted 
from the data and is the number of t~ — > ^~v^Vt^ 
candidates after the fi^D^Vr selection, di- 

vided by the number of r candidates selected 
by the t~^t~ selection. The remaining terms 
in Equation |l] are evaluated using Monte Carlo 
simulations. These terms include the estimated 
fractional backgrounds in the t~ — > ^~D^Vt and 
in the t+t~ sample, /bk and /rbk, respectively, 
which must be subtracted off the numerator and 



denominator in the first term of Equation |l|. The 
method by which these backgrounds are evalu- 
ated has been discussed in Sections || and ^. The 
efficiency of selecting the t~ — > /^"i/^i^T- jets out of 
the sample of r+r" candidates is given by e(T-*p) • 
The Monte Carlo prediction of the efficiency is 
cross-checked using a control sample, and will be 
discussed in Section . Fb is a bias factor which 
accounts for the fact that the r+r" selection does 
not select all r decay modes with the same effi- 
ciency. The corresponding values of these param- 
eters for the T~ — > ^~ D^Vt selection are shown in 
Table ^. Equation |l| results in a branching ratio 
value of 

B(t- ^ ^l-v^,vr) = 0.1734 ± 0.0009 ± 0.0005, 

where the first error is statistical and the second 
is systematic. 

5.1. Systematic checks 

The statistical uncertainty in the branching ra- 
tio is taken to be the binomial error in the uncor- 
rected branching ratio, Ni^T-^^^/Nr- The system- 
atic errors include the contributions associated 
with the Monte Carlo modelling of each of the 
main sources of background in the t~ — > /i^f/^z^T- 
sample, the error in the efficiency, the error in the 
background in the r+r" sample, and the error in 
the bias factor. These errors are listed in Table || 
and are discussed in more detail in the following 
paragraphs. 

A second sample of fi^P^i/r data can- 

didates was selected using information from the 
tracking chamber plus the electromagnetic and 
hadronic calorimeters^. The candidates selected 
using this calorimeter selection are highly corre- 
lated with those selected for the main branching 
ratio analysis using the tracking selection, even 
though the two selection procedures are largely 
independent. Because of the high level of corre- 
lation, the advantage of combining the two selec- 
tion methods is negligible; however, the calorime- 
ter selection is very useful for producing a control 
sample of — > ^^Vf^Ur jets which can be used 
for systematic checks. 



•^Minimal tracking chamber information is used. Specifi- 
cally, this selection requires 1 < N^]^^ < 3 and P2 + P3 < 4 
GeV/c. 
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A potentially important source of systematic 
error in the analysis is the Monte Carlo modelling 
of the selection efhciency. In order to estimate 
the error on the efficiency, both data and Monte 
Carlo simulated jets are required to satisfy the 
calorimeter selection criteria. This produces two 
control samples of candidate jets, 
one which is data, and one which is Monte Carlo 
simulation. Each of these control samples is then 
passed through the t~ — > /i^P^i^,- tracking selec- 
tion. The efficiency of the tracking selection is 
then calculated for the data and for the Monte 
Carlo simulation by taking the ratio of the num- 
ber of jets in the control sample which pass the 
selection, over the number of jets which were in 
the control sample. The difference between the 
efficiency determined using the data and that de- 
termined using the Monte Carlo simulation was 
taken as the systematic error in the Monte Carlo 
efficiency prediction. 

Further checks of the Monte Carlo modelling 
were made by varying each of the selection cri- 
teria. In each case, the resulting changes in the 
branching ratio were within the systematic uncer- 
tainty that had already been assigned due to the 
background and efficiency errors. 

The r Monte Carlo simulations create events 
for the different r decay modes, where the pro- 
portions are determined by the branching ratios 
| |T^ . However, the T+r~ selection does not se- 
lect each mode of r decay with equal efficiency. 
This can introduce a bias in the measured value of 
B(r~ — > The t~^t~ selection bias fac- 

tor, Fb, measures the degree to which the t+t~ 
selection favours or suppresses the decay r~ — > 
fi~i>^Vr relative to other r decay modes. It is de- 
fined as the ratio of the fraction of r~ —>■ 
decays in a sample of t decays after the t+t~ se- 
lection is applied, to the fraction of t~ —>■ fi~D^i>r 
decays before the selection. The uncertainty in F^, 
is dominated by statistical error. 

6. Discussion 

The value of B(r~ — > ^i~v^Vt) obtained in 
this analysis can be used in conjunction with 
the previously measured OPAL value of B(t^ 
e~i>ei>r) to test various aspects of the Standard 



Table 3 

Branching ratio determination. 



Parameter 


Value 




31,395 


Nr 


193,796 


/bk 


0.0324 ±0.0020 


/rbk 


0.0106 ±0.0005 




0.8836 ± 0.0005 


^^b 


1.034 ±0.002 




0.1734 ±0.0010 



Model. For example, the Standard Model as- 
sumption of Icpton universality requires that the 
coupling of the W particle is identical to all three 
generations of leptons. The leptonic r decays 
have already provided some of the most stringent 
tests of this hypothesis (see, for example, jl]). 
With the improved precision of B(r~ — > pL~v^j_Ur) 
presented in this note, it is worth testing this 
assumption again. In addition, the leptonic t 
branching ratios can be used to measure the 
Michel parameter 77, which can be used to set a 
limit on the mass of the charged Higgs particle 
in the Minimal Supcrsymmetric Standard Model. 
These topics are discussed below. 

6.1. Lepton universality 

The Standard Model predictions for the lep- 
tonic partial decay widths of the r are given by 

r(T- ^ i-nvr) = (2) 

where / stands for e or /i, m; is the mass of the 
charged daughter lepton in the t decay, TOt- is the 
mass of the r particle, and tow is the mass of 
the W boson, gr is the strength of the couphng 
between the t particle and the W propagator, 
and gi is the strength of the coupling of the W 
to the daughter lepton I. f{mf/m'^) corrects for 
the masses of the final state leptons, and (I+S^q) 
takes into account higher order corrections. 

The Standard Model assumption of lepton uni- 
versality requires that the coupling constants ge, 
g^, and g^j are identical, thus the ratio g^i/gc is 
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expected to be unity. This can be tested exper- 
imentally by taking the ratio of the correspond- 
ing branching ratios, B(r~ ii~ D^Vr) /^{t^ — > 
e~PeVT)- The measured branching ratio is related 
to the predicted partial decay width via the ex- 
pression B(t~ — > l~h'lVr) = ^{t~ — > 1~VII't)I^t, 

where Tr is the total r decay width, or the 
inverse of the r lifetime. Taking the ratio of 

e^VeVr) yields 



B(r /i v^^Vt) and B(t 



B(r- 



9, 



(3) 



where C = f (ml/ ml)/ f {ml /ml) = 0.9726. We 
use Equation |^ to compute the coupling constant 
ratio, which, with the value of B(t^ ^^v^Vr) 
from this work and the OPAL measurement of 
B(t- ^ e-DeVr) = 0.1781 ± 0.0010 §, yields 

50 



1.0005 ±0.0043, 



(4) 



in good agreement with expectation. 

In addition, the expressions for the partial 
widths of the pTv^^Vr and /i^ — > e'DeV^i 

decays can be rearranged to test lepton universal- 
ity between the first and third lepton generations, 
yielding the expression 
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^i-v,,vr) 1.0278. 



(5) 



Using the OPAL value for the r lifetime, = 
289.2 ± 1.7 ± 1.2 fs (l7|, the BES collaboration 
value for the r mass, 1777.0 ± 0.3 MeV/c^ H, 
and the Particle Data Group ||lj] values for the 
muon mass, m^, and muon lifetime, r^, we ob- 
tain, 

— = 1.0031 ±0.0047, 

again in good agreement with the Standard 
Model assumption of lepton universality. 

6.2. Michel parameter ?/ and the charged 
Higgs mass 

The most general form of the matrix element 
for T leptonic decay involves all possible combi- 
nations of scalar, vector, and tensor couplings to 
left- and right-handed particles (see, for example, 
19 1). In the Standard Model, the coupling terms 



take the following values: (^ll — 1 ^^'^ other 
g]j — 0, where 7 = S, V, or T for scalar, vec- 
tor, or tensor couplings, and i,j — h orH for the 
chirality of the initial and final state charged lep- 
tons. These coupling terms represent the relative 
contribution of each particular type of coupling 
to the overall coupling strength, Gp- 

The shape of the r leptonic decay spectrum 
is more conveniently parameterized in terms of 
the four Michel parameters |20 |], 77, p, ^, and S, 
each of which is a linear combination of all possi- 
ble couplings j. The integrated decay width is 
given by 



r. 



.(SM) 



(1 + 4,^). 

m-r 



The Michel parameter 77 is given by 

1 D r V s* I V s* 
V = ^Re [gl^ + g^^ gl^ 



(6) 



(7) 



'5rl(5 



LR 



65S,) 



5^(511 + 65S)}, 



and hence its Standard Model value is zero. A 
non-zero value of rj would affect the r decay width 
via its contribution to Equation ^. The term in- 
volving the ratio of masses in Equation ^ acts 
as an effective suppression factor in the case of 
— > e~i>ei'T decays; however, the same is not 
true in — > ^i^D^Ur decays. It is possible then 
to solve for -q by taking the ratio T fj_{Tii) /T dr]) , or 
equivalently by taking the ratio of the measured 
branching ratios . Using Equations || and ||, 
we find 

" ^'""^^ = 0-9726 ( 1 + irj^) (8) 

B(t — > e Vel^r) \ I^T J 

where m^/mr is taken to be zero and assum- 
ing lepton universality [g^ — gc)- The B(t~ 
fi^D^Vr) result presented here, together with the 
OPAL measurement of B(t~ ^ e^Dei^T-) and 
Equation H, then results in a value of 77 = 0.004 ± 
0.036. This can be compared with a previous 
OPAL result of 77 = 0.027 ± 0.055 § which has 
been obtained by fitting the r decay spectrum. 

In addition, if one assumes that the first term in 
the expression for 77 is non-zero, then there must 
be a non-zero scalar coupling constant, such that 
77 — ^Re{g^^}. This couphng constant has been 
related to the mass of a charged Higgs particle 
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in the Minimal Supersymmetric Standard Model 
via the expression g^^^i = —fnimr {tan. P /mii±)'^ , 
where tan (3 is the ratio of the vacuum expectation 
values of the two Higgs fields, rj can be approxi- 
mately written as 

TOt-to^ / tan/3\ ^ 
' = ■ 

Thus, r] can be used to place constraints on the 
mass of the charged Higgs, as has been done 
by Dova, Swain, and Taylor A one-sided 

95% confidence limit using the ij evaluated in this 
work gives a value of 77 > —0.055, and a model- 
dependent limit on the charged Higgs mass of 
TOh± > 1.30 tan /3. This result is complementary 
to that from another recent OPAL analysis p3| , 
where a limit of mH± > 1.89 tan /3 has been ob- 
tained using the process b t^D^X. 

7. Conclusions 

OPAL data collected at energies near the TP 
peak have been used to determine the — > 
fi~i?fj^i'r branching ratio, which is found to be 

B(t- ^ ^-v^ur) = 0.1734 ± 0.0009 ± 0.0005, 

where the first error is statistical and the second 
is systematic. This branching ratio, in conjunc- 
tion with the OPAL t~ —>■ e~9ei^T branching ratio 
measurement, has been used to verify lepton uni- 
versality at the level of 0.5%. In addition, these 
branching ratios have been used to obtain a value 
for the Michel parameter r/ = 0.004±0.036, which 
in turn has been used to place a model-dependent 
limit on the mass of the charged Higgs boson, 
mH± > 1.30 tan/3, in the Minimal Supersymmet- 
ric Standard Model. 
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